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A composition suitable for use in producing a tire Innerllner is provided. The composition comprises a halogen- 
containing copolymer of a C4 to C7 Isomonoolefin and a para-alkyistyrene; carbon biacl<, and a plasticlzer oil. A 
vulcanized tire comprising an innerliner made from the composition is also provided. 
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paraalkylstyrene; carbon black, and a plasticizer oil. A 
vulcanized tire comprising an innerliner made from the 
composition is also provided. 
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in which R and are independently selected from the 
group consisting of hydrogen, alkyl preferably having 
from 1 to 5 carbon atoms, primary haloaikyl, secondary 
haioalkyl preferably having from 1 to 5 carbon atoms, 
and mixtures thereof and x is selected from the group 
consisting of bromine, chlorine and mixtures thereof, 
such as those disclosed in European patent application 
8930595.9 filed May 26, 1989, (Publication No. 0344021 
published Nov. 29, 1989). 

Various methods may be used to produce the copoly> 
mers of isomonoolefin and para-alkylstyrene, as de- 
scribed in said European publication. Preferably, the 
polymerization is carried out continuously in a typical 
continuous polymerization process using a baffled tank- 
type reactor fitted with an efficient agitation means, 
such as a turbo mixer or propeller, and draft tube, exter- 
nal cooling jacket and internal cooling coils or other 
means of removing the heat of polymerization, inlet 
pipes for monomers, catalysts and diluents, temperatiu'e 
sensing means and an effluent overflow to a holding 
drum or quench tank. The reactor is purged of air and 
moisture and charged with dry, purified solvent or a 
mixture of solvent prior to introducing monomers and 
catalysts. 

Reactors which are typically used in butyl rubber 
polymerization are generally suitable for use in a poly- 
merization reaction to produce the desired paraalkylsty- 
rene copolymers suitable for use in the process of the 
present invention. The polymerization temperature may 
range from about minus 35* C. to about minus 100* C, 
preferably from about minus 40" to about minus 80* C, 

The processes for producing the copolymers can be 
carried out in the form of a sliury of polymer formed in 
the diluents employed, or as a homogeneous solution 
process. The use of a slurry process is, however, pre- 
ferred, since in that case, lower viscosity mixtures are 
produced in the reactor and slurry concentration of up 
to 40 wt. percent of polymer are possible. 

The copolymers of isomonoolefins and para-alky Isty- 50 
rene may be produced by admixing the isomonoolefin 
and the para-alkylstyrene in a copolymerization reactor 
under copolymerization conditions in the presence of a 
diluent and a Lewis acid catalyst. 

Typical examples of the diluents which may be used 55 
alone or in a mixture include propane, butane, pentane, 
cycloi>entane, hexane, toluene, heptane, isooctane, etc., 
and various halohydrocarbon solvents which are partic- 
ularly advantageous herein, including methylene, chlo- 
ride, chloroform, carbon tetrachloride, methyl chlo- 60 
ride, with methyl chloride being particularly preferred. 

An important element in producing the copolymer is 
the exclusion of impurities from the polymerization 
reactor, namely, impurities which, if present, will result 
in complexing with the catalyst or copolymerization 65 
with the isomonoolefins or the paraalkylstyrene, which 
in turn will prevent one from producing the para-alkyls- 
tyrene copolymer product useful in the practice of the 
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present invention- Most particularly, these impurities 
include the catalyst poisoning material, moisture and 
other copolymerizable monomers, such as, for example, 
metal-alkylstyrenes and the like. These impurities 
5 should be kept out of the system. 

In producing the suitable copolymers, it is preferred 
that the para-alkylstyrene be at least 95.0 wt. percent 
pure, preferably 97.5 wt. percent pure, most preferably 
99.5 wt. percent pure and that the isomonoolefin be at 
10 least 99.5 wt. percent pure, preferably at least 99.8 wt 
percent pure and that the diluents employed be at least 
99 wt. percent pure, and preferably at least 99.8 wt. 
percent pure. 

The most preferred Lewis acid catalysts are ethyl 
aluminum dichloride and preferably mixtures of ethyl 
aluminum dichloride with diethyl aluminum chloride. 
The amount of such catalysts employed wLQ depend on 
the desired molecular weight and the desired molecxilar 
weight distribution of the copolymer being produced, 
but wUl generally range from about 20 ppm to 1 wt. 
percent and preferably from about 0.001 to 0.2 wt. per- 
cent, based upon the total amount of monomer to be 
polymerized, 

Halogenation of the polymer can be carried out in the 
bulk phase (e.g., melt phase) or either in solution or in a 
finely dispersed slurry. Bulk halogenation can be ef- 
fected in an extruder, or other internal mixer, suitably 
modified to provide adequate mixing and for handling 
the halogen and corrosive byproducts of the reaction. 
The details of such bulk halogenation processes are set 
forth in U.S. Pat, No. 4,548,995. 

Suitable solvents for solution halogenation include 
the low boiling hydrocarbons (C4 to C7) and haloge- 
35 nated hydrocarbons. Since the high boiling point para- 
methylstyrene makes its removal by conventional distil- 
lation impractical, and since it is difficult to avoid com- 
pletely solvent halogenation, it is very important where 
solution or slmrry halogenation is to be used that the 
diluent and halogenation conditions be chosen to avoid 
diluent halogenation, and that residual para-methylsty- 
rene has been reduced to an acceptable level. 

With halogenation of para-methylstyrene/ isobutyl- 
ene copolymers, it is possible to halogenate the ring 
carbons, but the products are rather inert and of little 
interest. However, it is possible to introduce halogen 
desired functionality into the paramethylstyrene/isobu- 
tylene copolymers hereof in high yields and under prac- 
tical conditions without obtaining excessive polymer 
breakdown, cross-linking or other imdesirable side reac- 
tions. 

It should be noted that radical bromination of the 
enchained para-methyl styryl moiety in the useful co- 
polymers for the practice of this invention can be made 
highly specific with almost exclusive substitution occur- 
ring on the para-methyl group, to yield the desired 
benzylic bromine functionality. The high specificity of 
the bromination reaction can thus be maintained over a 
broad range of reaction conditions, provided, however, 
that factors which would promote the ionic reaction 
route are avoided (i.e., polar diluents, Friedel-Crafts 
catalysts, etc.). 

Thus, solutions of the suitable paramethyl- 
styrene/isobutylene copolymers m hydrocarbon sol- 
vents such as pentane, hexane or heptane can be selec- 
tively brominated using light, heat, or selected radical 
initiators (according to conditions, Le., a particular radi- 
cal initiator must be selected which has an appropriate 
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SSU at 100* F. 
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50 20,000 
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The tire innerliner composition of the present inven- 
tion may be vulcanized by subjecting it to heat accord- 
ing to any conventional vulcanization process. Typi- 
cally, the vulcanization is conducted at a temperatxu-e 
ranging from about lOO** C, to about 250** C, preferably 
from about 150" C. to about 200* C, for a time period 
The optional other filler may be a non-reinforcing ranging from about 1 minute to several hours. 
fiDer, a reinforcing filler, an organic filler, and an inor- The tire innerliner composition of the present inven- 
ganic filler, or mixtures thereof. tion may be used m producing innerliners for tires, for 

Suitable fillers, other than carbon black, include cal- 10 example, motor vehicle tires such as truck tires, bus 
cium carbonate, clay, silica, talc, titanium dioxide and tires, passenger automobile, motorcycle tires, and the 
mixtures thereof. Suitable rubber compounding addi- like. The improved heat aging resisUnce of the present 
tives include antioxidants, stabili2:ers, rubber processing composition makes it particularly suited for use in truck 
aids, pigments and mixtures thereof. The rubber pro- tires to increase the retreading capability of the tire, 
cess'ing aids may be an oil such as paraffinic, naphthenic, Suitable tire innerliner compositions may be prepared 

or aromatic processmg oils. Suitable antioxidants in- by using conventional nuxing techniques including, e.g., 
elude hindered phenols, amino phenols, hydroquinones, kneading, roller milling, extruder mixing, internal mix- 
certain amine condensation products and the like. The ing (such as with a Banbury® mixer), etc. The se- 
preferred additives are fatty acids, low molecular quence of mixing and temperatures employed are well 
weight polyethylene, waxes and mixtures thereof. A known to the skilled rubber compounder, the objective 
preferred fatty acid is stearic acid. Mixtures of other being the dispersion of fillers, activators and curatives in 
fatty acids .can be used with the stearic acid. the polymer matrix without excessive heat buildup. A 

The tire innerliner composition of the present inven- useful mixing procedure utOizes a Banbury mixer in 
tion also comprises a curing agent. which the copolymer rubber, carbon black and plasti- 

Suitable curing agents include peroxide cures, ele- cizer are added and the composition mixed for the de- 
mental sulfur cures, sulfur-containing compound cures, sired time or to a particular temperature to achieve 
and non-sulfur cures. For example, the curing agent adequate dispersion of the ingredients. Alternatively, 
may be zinc oxide. Optionally, curing agent accelera- the rubber and a portion of the carbon black (e.g., one- 
tors may be used such as dithiocarbamates, thiurams, third to two-thirds) is mixed for a short time (e.g., about 
thioureas, and mixtures thereof; zinc oxide-free cures 1 to 3 minutes) followed by the remainder of the carbon 
may also be used such as, f or example, litharge, 2-mer- black and oil. Mixing is continued for about 5 to 10 
captounidazoUne, and diphenyl guanidine; 2-mercap- minutes at high rotor speed during which time the 
tobenzimidazole, and N.N '-phenylene- bismaleimide. mixed components reach a temperature of about 140* C. 
Organic peroxide may be used as curing agents, such as, 35 Following cooling, the components are mixed in a sec- 
for example, dicumyl peroxide, benzoyl peroxide. A, ond step on a rubber mill or in a Banbury mixer during 
A'-Bis(tertiary butyl peroxy) diisopropyl benzene, and which the curing agent and optional accelerators, are 
the like. Accelerator activators may also be used. thoroughly and uniformly dispersed at Relatively low 

A preferred curing system comprises zinc oxide, sul- temperature, e.g., about 80 to about 105* C. Vanations 
fur and 2.2'- benzothiazyl disulfide (MBTS) accelerator. 40 in mixing will be readUy apparent to those skiUed in the 
The tire innerliner composition of the present inven- art and the present invention is not limited to any spe- 
tion may comprise the halogen-containing copolymer cific mixing procedure. The mixing is performed to 
of a C4 to C7 isomonoolefin and a para-alkylstyrene in disperse all components of the composition thoroughly 
an amount ranging from about 40 to about 70, prefera- and uniformly. 

bly from about 45 to about 65 weight percent, the car- 45 The innerliner composition is formed, typicaUy, mto 
bon black in an amount ranging from about 20 to about a sheet, such as by calendering. The sheet may then be 
45, preferably from about 25 to about 40 weight per- placed adjacent to an intermediate layer (e.g., carcass 
cent; the plasticizer oil in an amount ranging from layer) of an uncured tire which is being formed on a tire 
above zero to about 25, preferably from about 5 to building drum. Tires are generally bmlt on a drum from 
about 20 weight percent; the total amount of other 50 at least three layers, namely, an outer layer, an mterrne- 
fillers and additives in an amount ranging from above diate layer, and an inner layer (e.g., innerliner). After 
zero to about 50, preferably from above zero to about 20 the uncured tire has been built on a building drum, the 
weight percent; and the curing agent in an amount rang- uncured tire may be placed in a heated mold to shape it 
ing from about 1 to 6, preferably from about 1 to 3 and heat it to vulcanization temperatures and, thereby, 
weight percent, all said percentages being based on the 55 to produce a cured unitary tire from the multi-layers, 
weight of the total composition. Vulcanization of a molded tire, typically, is earned 

If other optional rubbers are present, the weight per- out in heated presses under conditions well known to 
cent of the halogen-containing copolymer is adjusted in those skilled in the art. 

such a way that the total rubber content of the composi- Curing time wUl be affected by the thickness of the 

tion may fall within the range of 40 to 70 weight per- 60 tire to be molded and the concentration and type of 
cent, preferably 45 to 65 weight percent of the total curing agent as weU as the halogen content of the halo- 
composition. In the embodiment in which one or more genated copolymer. However, the vulcanization param- 
optional additional rubbers are present in the composi- eters can readUy be esUblished with a few expenments 
tion, it is preferred that the halogen-containing copoly- utilizing e.g., a laboratory characterization device well 
mer of an isomonoolefin and para-alkylstyrene be pres- 65 known in the art, the Monsanto Oscillatmg Disc Cure 
ent in an amount of at least about 50 weight percent of Rheometer (ODR, described m detail m Amencan So- 
the total rubber content, that is, of said halogen-contain- ciety for Testing and Materials, Standard ASTM D 
ing copolymer plus the optional additional rubbers. 2084). 



11 

TABLE IV-continued 



5,333,662 



12 



COMTOSmON 



Ingredients 


A 


B 


C 


PRESS CURE 160' C 


19' 


16V 


14' 


Hardness Shore A 


55 


57 


49 


Modulus 100% Mpa 


2.00 


2.27 


1.86 


Modulus 300% Mpa 


7.04 


7.50 


5.79 


Tensfle strength Mpa 


lass 


11.15 


6.66 


Elongation at Break % 


545 


520 


380 



MONSANTO FLEX RESISTANCE 



140% ext. cam 24 








min, kcycles 


22.31 


8.71 


15.79 


max, kcycles 


130.74 


35.34 


244.37 


avg, kcycles 


76.31 


17.44 


120.21 


AGED PROPERTIES 7 DAYS at 








150* C 








PRESS CURE 160* C. 


19' 


16' 


14' 


Hardness Shore A 


56 


58 


50 


Modulus 100% Mpa 


1,94 


2.48 


1.96 


Modulus 300% Mpa 


6.89 


7.78 


5.79 


Tensile Strength MPa 


10.92 


10.80 


5.02 


Elongation at Break 


570 


485 


280 


AGED PROPERTIES 7 DAYS at 








150* C. (Repeated) 








PRESS CURE 160* C. 


19' 


16' 


14' 


Hardness Shore A 


58 


60 


47 


Modulus 100% Mpa 


2.5 


3.16 


1.70 


Modulus 300% Mpa 


9.51 


10.44 


5.10 


Tensile Strength Mpa 


11.72 


11.19 


523 


Elongation at Break % 


400 


335 


310 


Monsanto Flex Resistance 








140% ext» cam 24 








min, kcycles 


15.59 


8.56 


1.69 


max, kcycles 


80,69 


26.97 


2,48 


avg, kcycles 


54-48 


11.48 


2.24 


AGED PROPERTIES 14 DAYS at 








150' C. 








PRESS CURE 160* C. 


19' 


16' 


14' 


Hardness Shore A 


60 


64 


44 


Modulu 100% Mpa 


2.7 


3.7 


1.5 


Modulus 300% Mpa 


9.9 






Tensile Strength Mpa 


10.9 


10.8 


3.6 


Elongation at break, % 


340 . 


290 


275 


TABLE V 


Property 


Test 






Mooney Viscosity 


ASTMD1646 




Mooney Scorch 


ASTM D4818 




Oscillating Disc Reheometer 


ASTM D2084 




(ODR - Monsanto) 








Press Cure 


ASTM D2240/D412 


Elongation at break 


ASTM D4I2 
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15 



20 



35 



40 



45 



As can be seen from the data in Tables I, II, III, and 
IV, the compositions in accordance with the present 50 
invention, that is, Composition A and B had improved 
heat aging properties relative to comparative composi- 
tion C, particularly for aged flex resistance, tensile 
strength, and elongation at break, and similar good cure 
properties and cured original properties as comparative 55 
Composition C. 



What is claimed is: 

1. A tire innerliner prepared from a composition com- 
prising: 

(a) about 40 to about 70 weight percent of a halogen- 
containing random copolymer of a C4 to C7 isomo- 
noolefln and a para-alkylstyrene, said paraalkylsty- 
rene comprising about 0.5 to about 20 weight per- 
cent of said copolymer, said halogen selected from 
the group consisting of chloiine, bromine and mix- 
tures thereof; 

(b) about 20 to about 45 weight percent of carbon 
black; 

(c) about 0 to about 25 weight percent plasticizer oil; 
and 

(d) about 1 to about 6 weight percent of a curing 
agent 

2. The vulcanized tire innerliner of claim 1. 

3. The tire innerliner of claim 1 additionally compris- 
ing a component selected from the group consisting of 
a) a filler other than carbon black, b) a rubber com- 
poimding additive selected from the group consisting of 
antioxidants, stabilizers, pigments and mixtures thereof, 
and mixtures of a) and b), 

4. The tire innerliner of claim 1, wherein said copoly- 
mer comprises from above 0 to 7.5 percent of halogen. 

5. The tire innerliner of claim 1, wherein said halogen 
comprises bromine, and wherein said bromine is chemi- 
cally bound to said para-alkylstyrene. 

6. The tire innerliner of claim 1, wherein said isomo- 
noolefin is isobutylene and said para-alkylstyrene is 
para-methylstyrene. 

7. The tire innerliner of claim 1 wherein said oil plas- 
ticizer is a parafiinic oil. 

8. The tire innerliner of claim 3, wherein said compo- 
nent is a filler and wherein said filler is selected from the 
group consisting of clay, silica, calcium carbonate, tita- 
nium dioxide and mixtures thereof. 

9. The tire innerliner of claim 3, wherein said compo- 
nent is a rubber compounding additive and wherein said 
rubber compounding additive is selected from the 
group consisting of antioxidants, stabilizers, pigments, 
and mixtures thereof. 

10. The tire iimerliner of claim 1 wherein said curing 
agent comprises zinc oxide. 

11. The tire innerliner of claim 1, additionally com- 
prising a curing agent accelerator. 

12. The tire innerliner of claim 11, wherein said accel- 
erator comprises, 2, 2'-benzothiazyl disulfide and 
wherein said curing agent comprises zinc, oxide and 
sulfur. 

13. The tire innerliner of claim 1, additionally com- 
prising a rubber component selected from the groups 
consisting of natural rubber, styrene-butadiene rubber, 
polybutadiene rubber, a terpolymer of ethylene, propy- 
lene and a nonconjugated diene, and mixtures thereof. 
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present invention. Most particularly, these impurities 
include the catalyst poisoning material, moisture and 
other copolymerizable monomers, such as, for example, 
metal-alkylstyrenes and the like. These impurities 
5 should be kept out of the system. 

In producing the suitable copolymers, it is preferred 
' that the para-alkylstyrene be at least 95.0 wt. percent 
pure, preferably 97.5 wt. percent pure, most preferably 
99.5 wt percent piire and that the isomonoolefin be at 
10 least 99.5 wt. percent pure, preferably at least 99.8 wt. 
percent pure and that the diluents employed be at least 
99 wt. percent pur^ and preferably at least 99.8 wt. 
in which R and R» are mdependently selected from the ' ^ent pure 

group consisting of hydrogen, alkyl preferably having P« ^^^^ preferred Lewis acid catalysts are ethyl 
from 1 to 5 c^bon atoms, primary ^aloalkyl secondao^ ^5 aluminum dichloride and preferably mixtures of ethyl 
haloalkyl preferably havmg from 1 to ^ carbon ato^^ aluminum dichloride with diethyl aluminum chloride, 
and mixtures thereof and x is selected from the^group ^^^^^^^ 3^^^ catalysts employed wOi depend on 
consistmg of bromine chlorine and mixtures thereof, J^/^^^^^^^^^^ weight and the desired m^ecular 

scribed in said European pubHcation. Preferably, the polymerized. 

por^erizaUon is car^ out contmuously in a typical Halogenation of the polymer ^f^J^ P^^^^,^^^^ 
cSuous polymerization process using a baffled tank- bulk phase (e.g., melt phase) or either m solution or m a 
type reactoVfmed with an efficient agitation means, finely dispersed slurry. Bulk halogenation can be ef- 
such as a turbo mixer or propeller, and draft tube, exter- fected in an extruder, or other internal mixer, sui^ly 
nal cooling jacket and internal cooling coils or other modified to provide adequate nuxmg and for handlmg 
means of removing the heat of polymerization, inlet the halogen and corrosive by-products of the reaction, 
pipes for monomers, catalysts and dUuents, temperature The details of such bulk halogenation processes are set 
sensing means and an effluent overflow to a holding forth in U.S. Pat. No, 4,548,995. . , . 
drum or quench tank. The reactor is purged of air and Suitable solvents for solution halogenation mclude 
moisture and charged with dry, purified solvent or a ^^e low boiling hydrocarbons (C4 to C7) and haloge- 
mixture of solvent prior to introducing monomers and nated hydrocarbons. Since the high boiling point para- 
catalysts, methylstyrene makes its removal by conventional distil- 

Reactors which are typically used in butyl rubber lation impractical, and since it is difficult to avoid corn- 
polymerization are generally suitable for use in a poly- pletely solvent halogenation, it is very important where 
merization reaction to produce the desired para-alkyls- solution or slurry halogenation is to be used that the 
tyrene copolymers suitable for use in the process of the diluent and halogenation conditions be chosen to avoid 
present invention. The polymerization temperature may ^ diluent halogenation, and that residual para-methylsty- 
range from about minus 35' C. to about minus 100** C, ^^^^^ has been reduced to an acceptable level, 
preferably from about minus 40" to about minus 80" C. \^/ith halogenation of para-methylstyrene/isobuty- 

The processes for producing the copolymers can be j^^^ copolymers, it is possible to halogenate the ring 

carried out in the form of a slurry of polymer formed m carbons, but the products are rather inert and of Uttle 

the diluents employed, or as a homogeneous solution interest.' However, it is possible to introduce halogen 

process. The use of a slurry process is, however, pre- desired functionahty into the paramethylstyrene/iisobu- 

ferred, since in that case, lower viscosity mixtures are Xylene copolymers hereof in high yields and under prac- 

produced in the reactor and slmry concentration of up conditions without obtaining excessive polymer 

to 40 wt. percent of polymer are possible. breakdown cross-linking or other undesirable side reac- 

The copolymers of isomonoolefins and para-alkylsty- ^.^^ 

rene may be produced by admixing the isomonoolefin should be noted that radical bromination of the 

and the para-alkylstyrene in a copoiymerization reactor ^j^chained para-methyl styryl moiety in the useful co- 

under copoiymerization conditions m the presence of a ^ ^s for the practice of this invention can be made 

diluent and a Lewis acid catalyst. hiehlv specific with almost exclusive substitution occur- 

Typical examples of the diluents which may be used 55 g y P^^ para-methyl group, to yield the desired 

alone or in a mixture include propane, butane pentane, bromine functionahty. The high specificity of 

cyclopentane, hexane, toluene, heptane, J^^ane etc bromination reaction can thus be maintained over a 

and various halohydrocarbon solvents which are par^c- tn conditions, provided, however, 

ularly advantageous herem, mcludmg methylene, cWo- ^^^^""^^^^ ^^^^ ^^^Id promote the ionic reaction 

ride, chloroform, carbon tetrachloride methyl chlo- 60 jJar diluents, Friedel-Crafts 

ride, with methyl chloride being particularly preferred. route are avoiaeo v^i.e., poi*ir 

An important element in producing the copol^^^^^ Sutions of the suitable para-methyl- 
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The tire innerliner composition of the present inven- 
■continued j^^y v\ilcanized by subjecting it to heat accord- 
ing to any conventional vulcanization process. Typi- 
cally, the vulcanization is conducted at a temperature 
ranghig from about 100' Q to about 250- C„ preferably 
from about 150' C. to about 200* C, for a time period 



Property 


Preferred 


Minixnum 


Maximum 


SSU at 100" F. 


100-7,000 


50 


20.000 


(38* C.) 









The optional other filler may be a non-reinforcing ranging from about 1 minute to several hours, 
filler, a reinforcing filler, an organic filler, and an inor- The tire mnerliner composition of the present mven- 
fiuL. or miltures thereof tion may be used in producmg mnerhners for tires, for 
Suitable fillers, other than carbon black, include cal- 10 example, motor vehicle tares such as truck tires bus 
cium carbonate, clay, siUca, talc, titanium dioxide and tires, passenger automobde. motorcycle tires, and the 
mixtures thereof. SuiUble rubber compounding addi- like. The improved heat agrng resismnce of the present 
lives include antioxidants, stabilizers, rubber processing composition makes it particularly smtcd for use^^^ 
aids pigments and mixtures thereof. The rubber pro- tires to increase the retreadmg capability of the tire, 
cess'ing^ may be an oU such as paraffinic, naphthenic, 15 Suitable tire innerhner compositions may be prepared 
or aromatic processing oUs. Suitable antioxidants in- by using conventional mixmg techmques mcludmg, e.g., 
elude hindered phenol^ amino phenols, hydroquinones. kneading. roUer milhng, Mtruder mixmg. ^tcr^l ni«- 
^rtain amine condensation pr^ucts and the like. The ing (such as with a Banbury ® mixer) eta The se- 
nreferred additives are fatty acids, low molecular quence of mixmg and temperatures employed are well 
wS polyetiiylene. waxes and mixtures thereof. A known to the skiUcd rubber compounder, flie objective 
SSfer^ feSTacid is stearic acid. Mixmres of other being the dispersion of fiUers, activators and curanvesm 
faSr^ds cai be used with the stearic acid. the polymer matrix without excessive heat buildup. A 
The tire innerliner composition of the present inven- useful mixing procedure utdizes a Banbury mixer m 
tion^sTcomprises a curiig agent. „ which the copolymer rubber, carbon black f-d plasu- 
Siritable ci^g agents iSdude peroxide cures, ele- cizer are added and the composition m^ed [or the de- 
mental sulfm: cures, sulfur-containing compound cures, sired time or to a particular ^^P^'f^'^l'^J'^^^ 
and non-sulfur cures. For example, the curing agent adequate dispersion of "Sredieats AJemativdy. 
may be zinc oxide. Optionally, curing agent accelera- the rubber and a portion of &e carbon black (e.g. one- 
toJmay be used such as dithiocarbamates, thiurams. 3^ ^ t>^«>*irck) is ««ed for a sh<^ to^^^ 
thioure^. and mixtures thereof; zinc oxide-free cures » to 3 minute) followed by the reuKund^^^^ 
may also be used such as. for example, lidiarge. 2-mer- black and oiL Mixmg is contmued ^bout 5 to 10 
captoimidazoline, and diphenyl guanidine; 2-mercap- minutes at high rotor speed during the 
tobenzimidazole, and N.N'-phenylene-bismalehnide. 'nixed components r^ch a temperatme of ^«tl«^^^ 
Organic peroxide may be used as curing agents, such as. 35 FoUowing coobng, the components are mixed m a sec- 
^e^S^.dicumyl peroxide, benzoyl peroxide, A.A'- ond step on a rubber mm or m a Banbury nuxer durmg 
KsfSxy butyl peroxy) diisopropyl benzene, and the which the curing agent and optional accelerators, are 
S^e^tor ^tivaSrs may a^ be used. thoroughly and -^^y^^^^ ^.^t^^^^^^s 
A preferred curing system comprises zinc oxide, sul- temperature. e.g.. about 80 to about 105 C Variations 
fur aSli'-benzothfaSrl disulfide CNIBTS) accelerator. « in mixing wiU be readdy apparent to those sMed^^^^ 

tbe innerliner composition of the present mven- art and the present mventton is not ^T^t^d to any spe . 

tion may comprise the h^gen-containiig copolymer cific mixing procedure. The mixmg is Pfrform^d to 

Sf a C4 to C7 Lmonoolefin Ind a para-alkylstyreoe in " disperse all components of the composition thoroughly 

an amount ranging from about 40 to about 70. prefera- and umformly. c „^ 5„m 

My from about 45 to about 65 weight percent, the car- 45 The i«««^^«^^*'°'^P°^'^°^ j^^^^^^^ 

bon black in an amount ranging from about 20 to about a sheet, such as by calendermg The sheet may tten be 

S. preferably from about ITTo about 40 weight per- placed adjacent to sm '^t^J?*?^."'^.^^?;;^^' ^^^^ 

cekt- the pteticizer oU in an amount ranging from layer) of an nncured tire which is b«ng form«l on a tire 

Se zero to a^ut 25. preferably from about 5 to building drum. Tires are generaUy bm^t on a dr«m^ 

aW 20 weight percent; the total amount of other 50 ^^^^ ^ ?T nnerl^er^^er 

Srs and additivrin an amount ranging from above diate layer and an mner ^ 1 br^^ d^he 

zero to about 50. preferably from above zero to about 20 the uncured tire has been ^'^'f^J^^^^^^'^^^^ 

weight percent and the curing agent in an amount rang- uncured tire may be placed m a heated mold to slwpe it 

tog from St 1 to 6, preffrably from about 1 to 3 and heat it to vulc-mzation temperatur^^d Aereb^^ 

"^'okfr?;tirl™^!fs1^rpresent.theweightper- out in heat«i prases under conditions well known to 

cent of the halogen-containing copolymer is adjusted in th^e skilled m the thickness of the 

such a way that the total rubber content of the composi- Curmg JlS^^ti^^^ 

tion may faU within the range of 40 to 70 weight per- 60 tire to be ,f°f 

cent, nreferably 45 to 65 weight percent of the total curing agent as well as the halogen content of tiie halo 

^mp^sTt^Sn In the embodiment in which one or more genated copolymer. However, the >2dcamzation param- 

addiSn^rubbers are present in the composi- eters can readUy be estabhshed ^fjj^^^^^^^^ 

is preferted that the halogen-containmg copoly- utUizing e g^. -^"^^^^e^^^^,^'^^?^^'^ 
mer of an isomonoolefm and para-alkystyrene be pres- 65 known m the art, the ^0/^^*° j-^'^^'*™^ 

^t an amount of at least al^ut 50 weight percent of Rheometer (ODR, d«oribed m ^^^^^J^^^^^^P^, 

Seto^rbbber content, that is. of said halogen^ontain- ciety for Testmg and Materials. Standard ASTM D 

ing copolymer plus the optional additional rubbers. 2084). 
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ties and cured original properties as comparative Com- 
position C. 

What is claimed is: 

1. A vulcanized tire comprising an innerliner, at least 
5 a portion of said iimerliner comprising a composition 

comprising: (a) about 40 to about 70 weight percent of 
a halogen-containing random copolymer of a C4 to C7 
isomonoolefm and a para-alkylstyrene, said para-alkyls- 
tyrene comprising 0.5 to about 20 weight percent of said 
10 copolymer, (b) about 20 to about 45 weight percent 
carbon black; and (c) about zero to about 25 weight 
percent of a plasticizer oil. 

2. The vulcanized tire of claim 1, wherein said com- 
position additionally comprises a component selected 
from the group consisting of a filler other than carbon 
black, a rubber compounding additive and mixtures 
thereof. 

3. The vulcanized tire of claim 1, wherein said plasti- 
cizer oil comprises a paraflinic oil. 

4. The vulcanized tire of claim 1, wherein said co- 
polymer comprises from above 0 to about 7,5 weight 
percent of said halogen. 

5. The vulcanized tire of claim 1, wherein said halo- 
gen is selected from the group consisting of chlorine, 
bromine, and mixtures thereof. 

6. The vulcanized tire of claim 1, wherein said halo- 
gen comprises bromine, and wherein said bromine is 
chemically bound to said para-alkylstyrene. 

7. The vulcanized tire of claim 1, wherein said isomo- 
noolefin is isobutylene and said para-alkylstyrene is 
para-methylstyrene. 

8. The vulcanized tire of claim 2, wherein said com- 
ponent is a filler, and wherein said filler is selected from 
the group consisting of clay, silica, calcium carbonate, 
titanium dioxide, and mixtures thereof. 

9. The vulcanized tire of claim 2, wherein said com- 
ponent is a rubber compounding additive and wherein 
said rubber compoimding additive is selected from the 
group consisting of antioxidants, stabilizers, pigments, 
and mixtures thereof. 

10. The vulcanized tire of claim 2, wherein said com- 
ponent is a rubber compounding additive and wherein 
said rubber compounding additive is stearic acid. 

11. The vulcanized tire of claim 1, wherein said com- 
position additional comprises a rubber component se- 
lected from the groups consisting of natural rubber. 

As can be seen from the data in Tables I, n. III, and IV, polybutadiene rubber, styrene-butadiene rubber, a ter- 
the compositions in accordance with the present inven- polymer of ethylene, propylene, and a nonconjugated 
tion, that is, Composition A and B had improved heat 50 diene, and mixtures thereof. . • 

aging properties relative to comparative composition C, 12. The vxilcanized tire of claun 1, wherem said ture is 

particularly for aged flex resistance, tensile strength, a motor vehicle tire, 
and elongation at break, and similar good cure proper- 





COMPOSITION 


logredients 


A 


B 


C 


Kanhiess Shore A 


55 


57 


49 


A10CI1UUS i\M70 rapA 


ZOO 


2-27 


1.86 


ffioouius fo IT*, pa 


7.04 


7.50 


5.79 


X CU5UC aUCHj^Ul IVipci 


10.85 


11.15 


6.66 


Elons^lioii &t Brc&k % 


545 


520 


380 


















min, kcycles 


22.31 


8.71 


15.79 


max. kcycles 


130.74 


35,34 


244.37 


ayg, kcycles 


76.31 


17.44 


12a21 


AGED PROPERTlco 7 L/AYo at 








ISO' C. 








PRESS CURE 160* C. 


19' 


16' 


14' 


Hardness Shore A 


56 


58 


50 


Modulus 100% Mpa 


1.94 


2.48 


1.96 


Modulus 300% Mpa 


6.89 


7.78 




Tensile Strength MPa 


10.92 


10.80 


5.02 


Elongatioii at Break % 


570 


485 . 


280 


AGED PROPERTIES 7 DAYS at 








150* C. (Repeated) 








PRESS CURE 160' C. 


19' 


16' 


14' 


Hardness Shore A 


58 


60 


47 


Modulus 100% Mpa 


2.56 


3.16 


1.70 


Modulus 300% Mpa 


9.51 


10.44 


5.10 


Tensile Strength Mpa 


11.72 


11.19 


5.23 : 


Elongation at Break % 


400 


335 


310 


Monsanto Flex Resistance 








Iwvo ext, cam 24- 








min, kcycles 


15.59 


8.56 


1.69 


max, kcycles 


80.69 


26.97 


2.48 


avg, kcycles 


54-48 


11.48 


2.24 


AGED PROPERTIES 14 DAYS at 








150' G 








PRESS CURE 160* C 


19' 


16' 


14' 


Hardness Shore A 


60 


64 


44 


Modulus 100% Mpa 


2.7 


3.7 


1.5 


Modulus 300% Mpa 


9.9 






Tensile Strength Mpa 


10.9 


10.8 


3.6 


Elongation at break, % 


340 


290 


275 


TABLE V 


Property 


Test 






Mooney Viscosity 


ASTM 


D1646 




Mooney Scorch 


ASTM 


EM818 




Oscillating Disc Reheometer 


ASTM 


D2084 




(ODR - Monsanto) 








Press Cure 


ASTM 


D2240/D412 


Elongation at break 


ASTM 


D412 





15 



20 



25 



30 



35 



40 



45 



55 



60 



63 



